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The excessive carbon emissions have brought a huge burden to the environment. 
CO2, as a greenhouse gas, is the major cause of some environmental concerns such as 
global warming, ocean acidification, climate change, etc. The effective transformation 
of CO2 to target chemicals not only reduces the carbon emissions but also provides an 
alternative pathway for the synthesis of value-added chemicals, leading to a sustainable 
human society. Accordingly, various CO2 conversion strategies, including 
electrochemical, photochemical, and thermochemical methods, have been proposed in 
the past decades. Among all of the methods, thermochemical CO2 hydrogenation has 
attracted great attention because of its high efficiency, controllable selectivity, and 
tremendous potential for large-scale utilization. However, different from the syngas (CO 
+ H2) produced by the gasification of coal and biomass, CO2 emitted from the plant and 
vehicles has no H2. The supply of cheap H2 has become a bottleneck hampering the 
further development of CO2 hydrogenation technology. The exploration of an effective 
H2 evolution method without carbon emissions during the process can well meet the 
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demand of CO2 conversion by hydrogenation. Water electrolysis splitting is a clean and 
recyclable process for H2 production. It would be a promising way of reducing carbon 
emissions, if H2 used for CO2 converting was supplied by electrocatalysis water 
splitting. Therefore, two kinds of advanced electrocatalysts for water splitting were 
developed in this thesis. Furthermore, the effective transformation of CO2 to 
value-added aromatics was also realized over a bifunctional catalyst with precise 
regulation of acidity. 
In chapter 1, a novel bimetallic metal carbide (Ni3ZnC0.7) was proposed for overall 
water splitting. As a result of the cation modulating effect and unique nanostructure, 
Ni3ZnC0.7 exhibited excellent catalytic activities both in hydrogen evolution reaction 
(HER) and oxygen evolution reaction (OER). The bifunctional catalyst, Ni3ZnC0.7, can 
drive overall water splitting through a symmetric double electrode at a current density of 
10 mA cm-2 with only 1.65 mV, and also shows excellent stability without obvious 
degradation after 24 h of operation, which makes it a promising noble metal free 
electrocatalyst. 
In chapter 2, highly dispersed molybdenum carbide (Mo2C) nanoparticles were 
anchored on the two-dimensional graphene substrate with nitrogen and phosphorous 
co-doping (Mo2C-N,P-rGO). This unique nanostructure can be attributed to the ingenious 
fabrication strategy, during which phytic acid was employed as cross-linker to bridge the 
polyethyleneimine (PEI) modified graphene oxide (PEI-GO) and Mo ions through 
electrostatic adsorption and coordination bonding. Benefiting from the high accessibility 
of the active sites and heteroatoms doping (N and P) derived fast charge transfer property, 
Mo2C-N,P-rGO exhibited excellent HER performance both in basic and acid mediums. 
Furthermore, the Mo2C nanoparticles were encapsulated by a few carbon layers, which is 
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beneficial for the prevention of corrosion of Mo2C nanoparticles during the catalytic 
process. Therefore, Mo2C-N,P-rGO possesses long-term stability without obvious 
activity degradation after 20 h of operation.  
In Chapter 3, the direct conversion of CO2 to value-added aromatics, especially 
para-xylene (PX), was realized over a bifunctional catalyst Cr2O3/Zn-ZSM-5@SiO2. The 
precise regulation of the acidity of zeolite by Zn doping or SiO2 encapsulation play an 
important role for PX selectivity. SiO2 encapsulation can erase the acid sites on the 
external surface of H-ZSM-5, where the undesirable alkylation and isomerization 
reactions usually occurred. Zn doping can increase the amount of Lewis acid sites at the 
expense of Brønsted acid sites, which is beneficial for the dehydrogenation and 
cyclization of intermediates, thereby increasing the driving force in the tandem process. 
An interesting CO2-assisted effect was also clarified by a series of control experiments. 
In brief, a sustainable H2 production strategy was developed by electrocatalysis 
water splitting. Two metal carbides Ni3ZnC0.7 and Mo2C with unique nanostructures and 
precise tailored electronic properties can drive the HER reaction at low overpotential. 
This sustainable H2 evolution way can accelerate the development of the CO2 
transformation by hydrogenation technology, especially for the oriented conversion of 
CO2 into value-added chemicals. 
【論文審査結果の要旨】（王 阳） 
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